CLAIM + DETAILED DESCRIPTION 



[Claim(s)] 
[Claim 1] 

It has the photodiode formed in each light-receiving field on a 1st electric conduction 
type semiconductor base, and the semiconductor circuit element formed in the field 
outside said light-receiving field on said semiconductor base, 

Base which comes to embed an insulating film in the crevice which was formed on said 
semiconductor base, and was formed in order to carry out element separation of between 
said photodiode and said semiconductor circuit elements 
The Ne separation structure, 

The 2nd electric conduction type channel stopper layer formed into said semiconductor 
base so that said element separation structure which carries out element separation of said 
photodiode might be touched and this might be surrounded 

**** 

The 1st which was formed in the surface side of said light-receiving field and which 

constitutes said photodiode 

A conducted-current type semiconductor layer, 

The 1st 2nd electric conduction type WERU formed to the end of said element separation 
structure by the side of said light-receiving field so that said light-receiving field might be 
surrounded outside said light-receiving field in a way position, 

The 2nd 2nd electric conduction type WERU formed in the bottom of said light-receiving 
field, 

The 3rd 2nd electric conduction type WERU which connects said 1st and 2nd WERU 
It is photo-electric-conversion equipment which ****, 

It is said CHANE in the position which is the circumference of said light-receiving field 
in said 1st WERU which encloses this in contact with said element separation structure, 
and it is between said semiconductor circuit elements. 
The RUSUTOPPA layer is carrying out the end. 
Photo-electric-conversion equipment. 
[Claim 2] 

Photo-electric-conversion equipment with which said element separation structure is 
prepared in the circumference of said light-receiving field at least and which was 
indicated to Claim 1 . 
[Claim 3] 

Photo-electric-conversion equipment with which said element separation structure is 
established also between said photodiode of said light-receiving field, and said 
semiconductor circuit element of the non-light sensing portion of this circumference, 
and/or between said semiconductor circuit element of said non-light sensing portion, and 
said semiconductor circuit element of a circumference circuit part and which was 
indicated to Claim 2. 
[Claim 4] 

Said 1st WERU is formed also in the formation area of said semiconductor circuit 
element of said non-light sensing portion, and/or said semiconductor circuit element of 
said circumference circuit part, and said element separation structure of said 



circumference of a semiconductor circuit element is touched. Photo-electric-conversion 
equipment with which the channel stopper layer is formed rather than said channel 
stopper layer at low concentration also into the 1st [ said ] WERU which encloses these 
and which was indicated to Claim 3. 
[Claim 5] 

Photo-electric-conversion equipment said whose element separation structure is STI 
(Shallow Trench Isolation) structure and which was indicated to Claim 1 . 
[Claim 6] 

Photo-electric-conversion equipment said whose photo-electric-conversion equipment is 
a solid state image sensor and which was indicated to Claim 1. 
[Claim 7] 

It is the production method of the photo-electric -conversion equipment which forms a 
photodiode in each light-receiving field on a 1st electric conduction type semiconductor 
base, and forms a semiconductor circuit element in the field outside said light-receiving 
field on said semiconductor base, 

On said semiconductor base, the crevice for canying out element separation of between 
said photodiode and said semiconductor circuit elements is formed, an insulating film is 
embedded in this crevice, and it is element separation. 
The process which forms structure, 

The process which forms a 2nd electric conduction type channel stopper layer into said 

semiconductor base so that this may be surrounded in contact with said element 

separation structure which carries out element separation of said photodiode, 

Half the 1st electric conduction type which constitutes said photodiode in the surface side 

of said light-receiving field 

The process which forms a conductor layer, 

To the end of said element separation structure by the side of said light-receiving field, it 
is formation ****** about the 1st 2nd electric conduction type WERU so that said light- 
receiving field may be surrounded outside said light-receiving field in a way position. 
Degree, 

The process which forms the 2nd 2nd electric conduction type WERU in the bottom of 
said light-receiving field 

The 3rd 2nd electric conduction type WERU which connects said 1st and 2nd WERU is 

formed. 

Process 

It is the production method of the photo-electric-conversion equipment which ****, 
In said 1st WERU which encloses this in contact with said element separation structure, 
said channel stopper layer is formed so that the end may be carried out in the position 
which is the circumference of said light-receiving field and it is between said 
semiconductor circuit elements. 

The production method of photo-electric-conversion equipment. 
[Claim 8] 

Photo-electric-conversion equipment which prepares said element separation structure in 
the circumference of said light-receiving field at least and which was indicated to Claim 
7. 

[Claim 9] 

Photo-electric-conversion equipment which establishes said element separation structure 



also between said photodiode of said light-receiving field, and said semiconductor circuit 
element of the non-light sensing portion of this circumference, and/or between said 
semiconductor circuit element of said non-light sensing portion, and said semiconductor 
circuit element of a circumference circuit part and which was indicated to Claim 8. 
[Claim 10] 

Form said 1st WERU also in the formation area of said semiconductor circuit element of 
said non-light sensing portion, and/or said semiconductor circuit element of said 
circumference circuit part, and said element separation structure of said circumference of 
a semiconductor circuit element is touched. The production method of the photo-electric- 
conversion equipment indicated to Claim 9 which forms a channel stopper layer rather 
than said channel stopper layer at low concentration also into the 1st [ said ] WERU 
which encloses these. 
[Claim 11] 

The production method of the photo-electric-conversion equipment indicated to Claim 7 
said whose element separation structure is STI (Shallow Trench Isolation) structure. 
[Claim 12] 

[ carrying out the mask of except for said photodiode part in the circumference of a 
photodiode part, before performing embedding of said insulating film to said crevice after 
forming said crevice ] The production method of the photo-electric-conversion equipment 
indicated to Claim 7 which forms said channel stopper layer by carrying out ion 
implantation from the wall surface of said crevice of a photodiode part. 
[Claim 13] 

By carrying out ion implantation from the wall surface of said crevice, carrying out the 
mask of the semiconductor circuit element part of the semiconductor circuit element part 
of a photodiode part and said non-light sensing portion, and/or said circumference circuit 
part, before performing embedding of said insulating film to said crevice after forming 
said crevice The production method of the photo-electric-conversion equipment indicated 
to Claim 10 which forms said channel stopper layer of said semiconductor circuit element 
part. 

[Claim 14] 

The production method of the photo-electric-conversion equipment indicated to Claim 7 
which embeds the insulating material for element separation by a vapor phase epitaxy 
method at said crevice after forming said crevice. 
[Claim 15] 

The production method of the photo-electric-conversion equipment indicated to Claim 7 
which forms said 1st, 2nd, and 3rd WERU by ion implantation. 
[Claim 16] 

The production method of the photo-electric-conversion equipment indicated to Claim 7 
which manufactures a solid state image sensor. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the photo-electric -conversion equipment with which the 
photodiode is formed in each light-receiving field, respectively, and its production 



method. 
[0002] 

[Description of the Prior Art] 

The opportunity to change optical picture information into an electric signal, take in as 
digital data, process, and use by the rapid spread of a digital camera or the Internet, is 
increasing in recent years. For this reason, also to photo-electric-conversion equipment, 
such as a solid state image sensor, the demand of highly-efficient-izing of a 
miniaturization, the reduction in cost, the degree of highly minute, quantity sensitivity, an 
extensive dynamic range, etc., etc. increases, and it is expected that the miniaturized high 
integration of solid state image sensors, such as a photodiode, will progress increasingly 
from now on. 
[0003] 

Drawino v is an example of the outline sectional view (a) of the principal part centering 
on photodiodes (PD;Photo Diode), such as the conventional image sensor, and an outline 
top view (b). In order to carry out element separation of between photodiodes, the 
element separation structure 107 of the LOCOS (Local Oxidation of Silicon) structure of 
insulating the light-receiving field 1 14 of each photodiode electrically is formed in the 
substrate surface. 
[0004] 

In the example of drawing 9 , the N-type silicon substrate 101 is used for a substrate, and 
the photodiode is formed of PN junction by the interface of the N-type silicon layer 118 
formed in the substrate surface part, and the silicon layer 1 12 which the lower part 
formed into P-model. The portion in which the portion surrounded with the element 
separation structure 107 is hereafter called the light-receiving field 114, among those PN 
junction is formed will be called the sensor opening 115, and both will be distinguished. 
[0005] 

If the light which entered into the sensor opening 115 reaches PN connection, it will be 
changed into a hole and an electron there, and the signal electric charge (electron) 
according to the quantity of light of incident light is accumulated in the N-type silicon 
layer 118 and the silicon layer 112 which the N-type layer formed into P-model further. 
In addition, it is for P+ type silicon layer 1 19 of the outermost surface preventing 
disclosure of the electric charge from the surface. 
[0006] 

[ the above-mentioned signal electric charge accumulation field which consists of N-type 
silicon layer 118 grade ] So that P-type surface side WERU 111 formed in the lower part 
and the circumference of the element separation structure 107, the P-type deep well 108 
formed in the position where a substrate is deep, and P-type surface side WERU 111 and 
the P-type deep well 108 may be connected electrically It is enclosed from the side and 
the bottom by P-type plug (Plug) WERU 110 formed in the up-and-down direction for a 
long time at the lower part of the element separation structure 107. This dissociates from 
a circumference element electrically in a substrate, and a signal electric charge does not 
reveal a signal electric charge accumulation field by it. 
[0007] 

Next, the main point is explained about the production method of the photodiode of 

dravA trig 9 . 
[0008] 



First, the element separation structure 107 of LOCOS structure is formed in the 
circumference of the light-receiving field 114 of the N-type silicon substrate 101 by the 
thermal oxidation of a substrate 101. 
[0009] 

Next, thermal diffusion and annealing treatment by the ion implantation of B+ and 
heating are performed, and P-type surface side WERU 1 1 1 is formed in the position 
where a substrate is deep under the P-type deep well 108 and the element separation 
structure 107 the lower part and around P-type plug WERU 110 and the element 
separation structure 107. P-type surface side WERU 1 1 1 is the Reason mentioned later, 
and covers the end of the element separation structure 107 of LOCOS structure with a 
width of about 0.1 micrometer — it is formed like (it begins to see to the light-receiving 
field 114 side). At this time, the N-type layer located in the lower part of the N-type 
silicon layer 118 forms P-model by the thermal diffusion from a surrounding P-type field, 
and P-model-ized silicon layer 112 surrounded by P-type WERU is formed. 
[0010] 

Next, the ion implantation and heating annealing treatment of As+ are performed to the 
sensor opening 115, and the N-type silicon layer 1 18 is formed. Thereby, PN junction 
(photodiode) is formed in the interface of the silicon layer 1 12 and the N-type silicon 
layer 118 which were formed into P-model. Finally, the ion implantation and heating 
annealing treatment of BF2+ are performed to the sensor opening 115, and P+ type 
silicon layer 119 of the outermost surface is formed. 
[0011] 

[Processes leading to Invention] 

The problem of the photodiode of drawing 9 seen from the position of miniaturized high 
integration is in existence of the projection portion 1 16 of P-type surface side WERU 111 
made from a width of about 0. 1 micrometer from the end of the element separation 
structure 107 of LOCOS structure at the light-receiving field 1 14 side ( drawing 9 (b)). 
[0012] 

If the element separation structure 107 is formed by the thermal oxidation of a substrate, 
the large border area 120 of distortion will be formed in the circumference of a BAZU 
beak (bird's beak). In such a border area 120, disclosure of the electric charge resulting 
from the lattice defect and interface state density of a crystal takes place easily. In order 
to prevent disclosure of this electric charge, in the photodiode of drawing 9 , P-type 
surface side WERU 111 was made to protrude into the light-receiving field 1 14 side, it 
formed so that the border area 120 might be wrapped in, and the border area 120 is 
isolated from the signal electric charge accumulation field 118. 
[0013] 

If there is such a projection portion 116, the sensor numerical aperture only the part of 
whose is the area ratio of the sensor opening 115 occupied in a unit pixel since the sensor 
opening 115 becomes smaller than the light-receiving field 114 will become small, and it 
will become the cause that the sensitivity of a photodiode falls. The decline in the sensor 
numerical aperture by the projection portion 1 16 becomes large relatively, so that the area 
of a unit pixel becomes small by the degree-ization of highly minute, and it becomes a 
serious obstacle when miniaturizing a photodiode. 
[0014] 

As a method of solving the above problems, this invention person proposed the photo- 



electric-conversion equipment in which formation of the element separation structure 
which carries out element separation of between photodiodes has the structure which 
does not lead to the fall of the sensitivity of a photodiode easily, and its production 
method (Patent Application No. 2002-118746). 
[0015] 

That is, invention (a prior invention is called hereafter) concerning Patent Application 
No. 2002-118746 is photo-electric-conversion equipment with which the photodiode is 
formed in each light-receiving field, respectively, 
A 1st electric conduction type semiconductor base, 

in order to be formed on a semiconductor base and to carry out element separation of 
between photodiodes — formation 

Element separation structure of coming to embed an insulating film in a **** crevice, 
The 2nd formed into the semiconductor base so that this might be surrounded in contact 
with element separation structure 
A conducted-current type channel stopper layer, 

Half the 1st electric conduction type which was formed in the surface of a light-receiving 
field and which constitutes a photodiode 
Conductor layer, 

The 2nd electric conduction type semiconductor layer formed in the lower part in contact 
with the 1st electric conduction type semiconductor layer 

It is a light-receiving field in the way position outside a light-receiving field to the end of 

the element separation structure by the side of a light-receiving field. 

The 1st 2nd electric conduction type WERU formed so that picking might surround, 

The 2nd 2nd electric conduction type WERU formed in the bottom of a light-receiving 

field 

It is involved in the photo-electric-conversion equipment which ****, and its production 

method. 

[0016] 

Drawing 2 is the outline sectional view (a) and outline top views (b) of a photodiode part, 
such as a CMOS (Complementary Metal Oxide Semiconductor) image sensor which is 
the form of desirable operation of a prior invention. In order to carry out element 
separation of between photodiodes on the surface of a substrate, the element separation 
structure 7b of the STI (Shallow Trench Isolation) structure of insulating the light- 
receiving field 14 of each photodiode electrically is formed. 
[0017] 

In this example, the N-type silicon substrate 1 is used as a substrate, and the photodiode 
(PD) is formed of PN junction by the interface of the N-type silicon layer 18 formed in 
the substrate surface part, and the silicon layer 12 which that lower part formed into P- 
model. The portion in which the portion surrounded with the element separation structure 
7b is hereafter called the light-receiving field 14, among those PN junction is formed will 
be called the sensor opening 15, and both will be distinguished. 
[0018] 

If the light which entered into the sensor opening 15 reaches PN connection, it will be 
changed into a hole and an electron there, and the signal electric charge (electron) 
according to the quantity of light of incident light is accumulated in the N-type silicon 



layer 18 and the silicon layer 12 which the N-type layer formed into P-model further. In 
addition, it is for P+ type silicon layer 19 of the outermost surface preventing disclosure 
of the electric charge from the surface. 
[0019] 

[ the above-mentioned signal electric charge accumulation field which consists of N-type 
silicon layer 18 grade ] [ P-type surface side WERU 1 1 formed in the lower part of P+ 
type channel stopper layer 6 formed in the circumference of the element separation 
structure 7b, and the element separation structure 7b, the P-type deep well 8 formed in 
the position where a substrate is deep, and P-type surface side WERU 1 1 and the P-type 
deep well 8 ] It is enclosed from the side and the bottom by P-type plug WERU 10 
formed in the up-and-down direction for a long time at the lower part of the element 
separation structure 7b so that it might connect electrically. This dissociates from a 
circumference element electrically in a substrate, and a signal electric charge does not 
reveal a signal electric charge accumulation field by it. 
[0020] 

The boundary of P-type surface side WERU 1 1 and P-type plug WERU 10, and the layer 
12 formed into P-model is formed in the position which retreated 0.2 micrometer seen 
from the light-receiving field 14 directly under a STI end. This is for making the 
accumulation capacity of a signal electric charge increase. 
[0021] 

If drawing 2 (b) is compared with drawing 9 (b), the difference between the photodiode 
by the form of good better operation of a prior invention and the photodiode of 
conventional parallel can understand well. In drawing 2 (b), since P+ type channel 
stopper layer 6 is formed in contact with the STI element separation structure 7b, the P- 
type layer 116 overflowing into the light-receiving field 1 14 seen by drawing 9 (b) is 
unnecessary. 
[0022] 

Also in the STI element separation structure 7b although the large border area of 
distortion is formed in the circumference Since P+ type channel stopper layer 6 can be 
formed in a border area by the ion implantation from a crevice wall surface after 
formation of a crevice with STI structure, Compared with the P-type layer 1 16 in LOCOS 
structure, P+ type channel stopper layer 6 can be made thin, and the thickness is about 0.1 
micrometer or less, for example, 30nm. 
[0023] 

Thus, since [ of the light-receiving field 14 surrounded by the element separation 
structure 7b ] the whole region can be mostly used as a sensor opening 15, Rather than a 
part and the former without the size shrink by the projection portion 1 16 of P-type 
surface side WERU, the area of the sensor opening 15 becomes large and the sensitivity 
of a photodiode improves. 
[0024] 

Moreover, since the STI structure 7b can narrow the width of the insulating material for 
element separation considerably compared with LOCOS structure 107 grade, it can also 
reduce the area of the element separation structure itself. 
[0025] 

As mentioned above, the sensor numerical aperture which is the area ratio of the sensor 
opening 15 occupied in a unit pixel can be made to be able to increase, and the sensitivity 



of a photodiode can be raised. 
[0026] 

Moreover, since the silicon layer 12 which spread even in the way position outside the 
light-receiving field 14 and which was formed into P-model is used as a part of signal 
electric charge accumulation field to directly under [ of the element separation structure 
7b / end ], Since a signal electric charge can be accumulated without being saturated even 
if a lot of signal electric charges at the time of the amount of Taiko are generated, a big 
dynamic range is realizable. 
[0027] 

Next, the main point is explained about the production method of the photodiode part of 

the image sensor of drawing 2 . 

[0028] 

First, a crevice is formed in the circumference of the light-receiving field 14 by 
alternative etching. Next, thermal oxidation of the inner wall of a crevice is carried out, 
and a thin silicon oxide film is formed in a crevice inner wall. 
[0029] 

Next, before a crevice is fill uped with oxidization silicon, the ion implantation of the 
BF2+ ion is carried out with the angle which inclined from the inner wall of the crevice 
30 degrees to the substrate perpendicular direction by acceleration voltage lOOkeV and 
2xl013/of injection-rates (surface density) cm2. This forms P+ type channel stopper layer 
6 in the substrate which touches the side and the bottom of a crevice. 
[0030] 

Next, after embedding oxidization silicon at a crevice, excessive oxidization silicon etc. 

is removed and the STI element separation structure 7b is formed. 

[0031] 

Next, thermal diffusion and annealing treatment by the ion implantation of B+ by 
acceleration voltage 2MeV and heating are performed to the whole picture element 
region including the light-receiving field 14, and the P-type deep well 8 is formed in the 
position where a substrate is deep. Furthermore, carrying out the mask of a part of light- 
receiving field 14 and STI element separation structure 7b, thermal diffusion and 
annealing treatment by the ion implantation of B+ by acceleration voltage 1 .5MeV and 
l.OMeV and heating are performed to a picture element region, and P-type plug WERU 
10 is formed in it. 
[0032] 

Next, like the above, carrying out the mask of a part of light-receiving field 14 and STI 
element separation structure 7b, thermal diffusion and annealing treatment by the ion 
implantation of B+ by acceleration voltage 600keV, 380keV, and 190keV and heating are 
performed, and P-type surface side WERU 1 1 is formed. 
[0033] 

It means that the signal electric charge accumulation field of the photodiode of N-type 
silicon layer 18 grade had been divided from other N-type silicon fields in a substrate by 
formation of P-type surface side WERU 1 1 . Moreover, P-type surface side WERU 1 1 is 
usually formed also in the circumference circuit part outside a picture element region as 
P-type WERU of the semiconductor circuit element of a circumference circuit. 
[0034] 

By the thermal diffusion at the time of a series of above-mentioned P-type WERU 



formation processes, the N-type layer located in the lower part of the N-type silicon layer 
18 forms P- model, and P-model-ized silicon layer 12 surrounded by P-type WERU is 
formed. 
[0035] 

Then, the ion implantation and heating annealing treatment of As+ by acceleration 
voltage 300keV are performed to the sensor opening 15, and the N-type silicon layer 18 
is formed. Thereby, PN junction (photodiode) is formed in the interface of the silicon 
layer 12 and the N-type silicon layer 18 which were formed into P-model. 
[0036] 

The ion implantation and heating annealing treatment of BF2+ by acceleration voltage 
50keV are performed to the light-receiving field 14, and P+ type silicon layer 19 which 
prevents disclosure of the signal electric charge from the surface is formed in the last. 
[0037] 

[Problem to be solved by the invention] 

Drawing 1 (b) is the notional outline sectional view of the completed CMOS image 
sensor. The outline sectional view showing the state of the process which pours in BF2+ 
ion into a substrate from the inner wall of a crevice 4 among the making processes of the 
above-mentioned photodiode, and forms P+ channel stopper layer 6 was appended to the 
upper part of the figure. 
[0038] 

In this example, the ion implantation to crevice 4 inner wall is performed to all the 
crevices 4 on a substrate 1, without sorting out a photodiode part so that it may see in this 
figure. For this reason, P+ channel stopper layer 6 of the same concentration is formed 
into the substrate around all the crevices 4 of a substrate 1 . 
[0039] 

However, P+ layer is not usually formed in the STI side wall of a circumference circuit 
part. Though formed, the optimal dopant concentration is far small compared with the 
optimal dopant concentration of P+ layer in the channel stopper layer of a photodiode 
part. Since both optimal conditions differ, when P+ channel stopper layer 6 is formed 
uniformly as mentioned above, the characteristic of the transistor of a circumference 
circuit, other elements, or the transistor in a pixel changes, and there is a fear of having a 
bad influence on the drive of a sensor. 
[0040] 

Thus, although P+ channel stopper layer 6 formed based on a prior invention and its 
formation method were effective in improvement in the sensitivity of a photodiode, they 
became clear [ that there is room which should improve by a relation with the 
semiconductor device of the circumference of a photodiode ]. 
[0041] 

This invention is made in view of the above situations, and [ the purpose ] It is offering 
photo-electric-conversion equipment with the structure formation of the element 
separation structure which carries out element separation of between photodiodes not 
leading to the fall of the sensitivity of a photodiode easily, and not having a bad influence 
on a surrounding semiconductor circuit element, and its production method. 
[0042] 

[Means for solving problem] 

That is, this invention has the photodiode formed in each light-receiving field on a 1st 



electric conduction type semiconductor base, and the semiconductor circuit element 
formed in the field outside said light-receiving field on said semiconductor base, 
Base which comes to embed an insulating film in the crevice which was formed on said 
semiconductor base, and was formed in order to carry out element separation of between 
said photodiode and said semiconductor circuit elements 
The Ne separation structure, 

The 2nd electric conduction type channel stopper layer formed into said semiconductor 
base so that said element separation structure which carries out element separation of said 
photodiode might be touched and this might be surrounded 

The 1st which was formed in the surface side of said light-receiving field and which 

constitutes said photodiode 

A conducted-current type semiconductor layer, 

The 1st 2nd electric conduction type WERU formed to the end of said element separation 
structure by the side of said light-receiving field so that said light-receiving field might be 
surrounded outside said light-receiving field in a way position, 

The 2nd 2nd electric conduction type WERU formed in the bottom of said light-receiving 
field, 

The 3rd 2nd electric conduction type WERU which connects said 1st and 2nd WERU 
It is photo-electric-conversion equipment which 

It is said CHANE in the position which is the circumference of said light-receiving field 

in said 1st WERU which encloses this in contact with said element separation structure, 

and it is between said semiconductor circuit elements. 

The RUSUTOPPA layer is carrying out the end. 

It is involved in photo-electric-conversion equipment. 

[0043] 

Moreover, it is the production method of the photo-electric-conversion equipment which 
this invention forms a photodiode in each light-receiving field on a 1 st electric 
conduction type semiconductor base, and forms a semiconductor circuit element in the 
field outside said light-receiving field on said semiconductor base, 
On said semiconductor base, the crevice for canying out element separation of between 
said photodiode and said semiconductor circuit elements is formed, an insulating film is 
embedded in this crevice, and it is element separation. 
The process which forms structure, 

The process which forms a 2nd electric conduction type channel stopper layer into said 

semiconductor base so that this may be surrounded in contact with said element 

separation structure which carries out element separation of said photodiode, 

Half the 1st electric conduction type which constitutes said photodiode in the surface side 

of said light-receiving field 

The process which forms a conductor layer, 

To the end of said element separation structure by the side of said light-receiving field, it 
is formation ****** about the 1st 2nd electric conduction type WERU so that said light- 
receiving field may be surrounded outside said light-receiving field in a way position. 
Degree, 

The process which forms the 2nd 2nd electric conduction type WERU in the bottom of 
said light-receiving field 



The 3rd 2nd electric conduction type WERU which connects said 1st and 2nd WERU is 

formed. 

Process 

It is the production method of the photo-electric-conversion equipment which 

In said 1st WERU which encloses this in contact with said element separation structure, 

the end is carried out in the position which is the circumference of said light-receiving 

field and it is between said semiconductor circuit elements. 

said channel stopper layer is formed for obtaining 

It is involved in the production method of photo-electric-conversion equipment. 
[0044] 

[ according to this invention, the large border area of distortion is formed in the 
circumference also in said element separation structure, but ] Since a said 2nd electric 
conduction type channel stopper layer can be formed in said border area by impurities 
doping from said crevice after formation of said crevice, A channel stopper layer can be 
made thin, the sensor numerical aperture which is the area ratio of the sensor opening 
occupied in a unit pixel can be made to be able to increase as compared with LOCOS 
structure, and the sensitivity of a photodiode can be raised. 
[0045] 

Moreover, since the end of said channel stopper layer is earned out in the position which 
is the circumference of said light-receiving field and it is between said semiconductor 
circuit elements, formation of said channel stopper layer does not have a bad influence on 
said semiconductor circuit element. 
[0046] 

[Mode for carrying out the invention] 

In this invention, it is good to prepare said element separation structure in the 

circumference of said light-receiving field at least. 

[0047] 

It is good that said element separation structure is STI (Shallow Trench Isolation) 
structure. Since said STI structure can narrow the width of the insulating material for 
element separation considerably compared with LOCOS structure etc., it can also reduce 
the area of said element separation structure itself. 
[0048] 

[ carrying out the mask of except for said photodiode part in the circumference of a 
photodiode part in this invention, before performing embedding of said insulating film to 
said crevice after forming said crevice ] By carrying out ion implantation from the wall 
surface of said crevice of a photodiode part, it is good to form said channel stopper layer 
of a photodiode part. 
[0049] 

Moreover, said element separation structure may be established also between said 
photodiode of said light-receiving field, and said semiconductor circuit element of the 
non-light sensing portion of this circumference, and/or between the half-aforementioned 
conductor circuit element of said non-light sensing portion, and said semiconductor 
circuit element of a circumference circuit part. 
[0050] 

In that case, said 1st WERU is formed also in the formation area of said semiconductor 
circuit element of said non-light sensing portion, and/or said semiconductor circuit 



element of said circumference circuit part, and said element separation structure around 
said semiconductor circuit element is touched. It is good to form the channel stopper 
layer rather than the channel stopper layer of said photodiode part at low concentration 
also into the 1st [ said ] WERU which encloses these. 
[0051] 

By forming separately from the channel stopper layer of said photodiode part the channel 
stopper layer of said semiconductor circuit element part, a channel stopper layer with the 
optimal impurities concentration for each can be formed. 
[0052] 

In this invention before performing embedding of said insulating film to said crevice after 
forming said crevice By carrying out ion implantation from the wall surface of said 
crevice, it is good to form said channel stopper layer of said semiconductor circuit 
element part, carrying out the mask of the semiconductor circuit element part of the 
semiconductor circuit element part of a photodiode part and said non-light sensing 
portion, and/or said circumference circuit part. 
[0053] 

Moreover, it is good to face forming said element separation structure and to embed the 
insulating material for element separation by a vapor phase epitaxy method at said 
crevice. 
[0054] 

It is good to form said 1st, 2nd, and 3rd WERU by ion implantation. According to ion 
implantation, the dopant of the concentration of a request can be doped with sufficient 
accuracy in a predetermined position. For this reason, WERU can be formed in the 
impossible depths of said semiconductor base, for example by a thermal diffusion 
method. 
[0055] 

It is good to manufacture a solid state image sensor based on this invention. 
[0056] 

The form of desirable operation of this invention is hereafter explained concretely under 

Drawings reference. 

[0057] 

The form 1 of operation: CMOS image sensor (1) 

Drawing 2 is the outline sectional view (a) and outline top view (b) of a photodiode part 
of a CMOS (Complementary Metal Oxide Semiconductor) image sensor which are the 
form of desirable operation of this invention. In order to carry out element separation of 
between photodiodes on the surface of a substrate, the element separation structure 7b of 
the STI (Shallow Trench Isolation) structure of insulating the light-receiving field 14 of 
each photodiode electrically is formed. 
[0058] 

In this example, the N-type silicon substrate 1 is used as a substrate, and the N-type 
silicon layer 18 of the substrate upper part and the silicon layer 12 which that lower part 
formed into P-model form the photodiode by PN junction according to that interface. 
[0059] 

If the light which entered into the sensor opening 15 of the light-receiving field 14 
reaches PN connection, it will be changed into a hole and an electron there, and the signal 
electric charge (electron) according to the quantity of light of incident light is 



accumulated in the N-type silicon layer 18 and the silicon layer 12 which the N-type 
layer formed into P- model further. In addition, P+ type silicon layer 19 of the outermost 
surface prevents disclosure of the electric charge from the surface. 
[0060] 

[ the signal electric charge accumulation field which consists of an N-type silicon layer 
18 ] [ P-type surface side WERU 1 1 formed in the lower part of P+ type channel stopper 
layer 6 formed in the circumference of the element separation structure 7b, and the 
element separation structure 7b, the P-type deep well 8 formed in the position where a 
substrate is deep, and P-type surface side WERU 1 1 and the P-type deep well 8 ] It is 
enclosed from the side and the bottom by P-type plug WERU 10 formed in the up-and- 
down direction for a long time at the lower part of the element separation structure 7b so 
that it might connect electrically. This dissociates from a circumference element 
electrically in a substrate, and a signal electric charge does not reveal the N-type signal 
electric charge accumulation field 18 by it. 
[0061] 

The boundary of P-type surface side WERU 1 1 and P-type plug WERU 10, and the layer 
12 formed into P-model is formed in the position which retreated 0.2 micrometer seen 
from the light-receiving field 14 directly under a STI end. This is for making the 
accumulation capacity of a signal electric charge increase. 
[0062] 

Since the structure of the above-mentioned photodiode is the same as that of the 
photodiode based on a prior invention, it cannot be overemphasized that it has the same 
effect. 
[0063] 

That is, since P+ type channel stopper layer 6 is formed in contact with the STI element 
separation structure 7b, the P-type layer 1 16 overflowing into the light-receiving field 
1 14 seen by drawing 9 (b) is unnecessary. 
[0064] 

Also in the STI element separation structure 7b although the large border area of 
distortion is formed in the circumference Since P+ type channel stopper layer 6 can be 
formed in a border area by the ion implantation from a crevice wall surface after 
formation of a crevice with STI structure, Compared with the P-type layer 1 16 in LOCOS 
structure, P+ type channel stopper layer 6 can be made thin, and the thickness is about 0.1 
micrometer or less, for example, 30nm. 
[0065] 

Thus, since [ of the light-receiving field 14 surrounded by the element separation 
structure 7b ] the whole region can be mostly used as a sensor opening 15, the area of the 
sensor opening 15 becomes large conventionally, and the sensitivity of a photodiode 
improves. 
[0066] 

Moreover, since the STI structure 7b can narrow the width of the insulating material for 
element separation considerably compared with LOCOS structure 107 grade, it can also 
reduce the area of the element separation structure itself. 
[0067] 

As mentioned above, the sensor numerical aperture which is the area ratio of the sensor 
opening occupied in a unit pixel can be made to be able to increase, and the sensitivity of 



a photodiode can be raised. 
[0068] 

Moreover, since the silicon layer 12 which spread even in the way position outside the 
light-receiving field 14 and which was formed into P-model is used as a part of signal 
electric charge accumulation field to directly under [ of the element separation structure 
7b / end ], Since a signal electric charge can be accumulated without being saturated even 
if a lot of signal electric charges at the time of the amount of Taiko are generated, a big 
dynamic range is realizable. 
[0069] 

Draw in si 3 is the outline block diagram showing the composition of the CMOS image 
sensor which has arranged the above-mentioned photodiode to two-dimensional matrix 
form on a substrate. With this equipment, a line and a sequence are chosen with the 
perpendicular direction scanner 32 and the horizontal scanner 34, respectively, and the 
signal electric charge of the photodiode of the pixel 3 1 on that intersection is read. 
[0070] 

Namely, if the transistor 33 for read-out of a certain line is chosen by the control signal 
from the perpendicular direction scanner 32, it will be in ON state, it reads to each 
sequence with the horizontal scanner 34 simultaneously and a signal is added one by one 
The output from the pixel 3 1 on the intersection is led to the input part of the current 
voltage conversion circuit 35, and it is changed and outputted to voltage by the current 
voltage conversion circuit 35 and the output buffer circuit 36. 
[0071] 

All the pixels 3 1 are scanned 1 time respectively one by one among one cycle of the 
perpendicular direction scanner 32, and while the output according to the signal electric 
charge accumulated in the photodiode of each pixel 31 among one cycle is read, after 
read-out, a photodiode has an electric charge eliminated and is reset by the initial state. In 
this way, the picture signal photo electric conversion was carried out [ the picture signal ] 
by the photodiode arranged at two-dimensional matrix form is outputted by time sharing. 
[0072] 

Each pixel 3 1 of drawing 3 is formed in the picture element region 37 on a substrate, and 
the perpendicular direction scanner 32, the transistor 33 for read-out, the horizontal 
scanner 34, the current voltage conversion circuit 35, and the circumference circuit of 
output buffer circuit 36 grade are formed in the circumference circuit part 38 which 
adjoined the picture element region 37. 
[0073] 

Drawing 4 is the top view showing the arrangement in the picture element region 37. 
1 >i nv ; ing4 (a) is the general drawing showing the state where many pixels 31 are 
arranged at two-dimensional matrix form, and drawing 4 (b) is the top view showing 
arrangement within one pixel 31. In drawing 4 , only the N-type diffusion zone 18 
formed in the upper part of a P-type silicon layer, 43 grades and the gate layers 42, 45, 
and 48, contacts 41, 44, and 47, and 49 grades are shown, and the upper wiring is 
omitting illustration. A gate layer is formed with polycrystalline silicon and the lower 
part is a P-type layer. 
[0074] 

As drawin g 2 explained, the N-type silicon layer 18 shown in drawing 4 (b) forms the 
photodiode by PN junction by an interface with the silicon layer 12 which the lower part 



formed into P-model, and generates the signal electric charge (electron) according to the 
quantity of light of incident light. The signal electric charge (electron) is accumulated in 
the signal electric charge accumulation field which is mainly concerned with the N-type 
field 18 between one cycle. 
[0075] 

The read-out signal from the horizontal scanner 34 of drawing 3 is added to the 
transmission gate 42 through the contact 41 of drawing 4 . If the channel layer under the 
transmission gate 42 will be in switch-on in an operation of a read-out signal, the signal 
electric charge (electron) accumulated in the signal electric charge accumulation field of 
the N-type silicon layer 18 grade will be transmitted to the N-type buffer layer 43 
currently formed in the non-light sensing portion in a pixel, and will generate the signal 
voltage according to signal charge quantity. 
[0076] 

This signal voltage is impressed to the gate 45 of the transistor for amplification through 
contact 44, and is read as change of current which flows through the transistor 46 for 
amplification. The output current of the transistor 46 for amplification is led to the 
transistor 33 for read-out of drawing 3 , and as mentioned above, it is changed and 
outputted to voltage. 
[0077] 

After read-out is completed, a reset signal is impressed to the reset gate 48 through 
contact 47, the signal electric charge currently stored by the N-type buffer layer 43 is 
eliminated through contact 49, and a photodiode is reset by the initial state. 
[0078] 

As mentioned above, while the photodiode formed in the light sensing portion and the 
various semiconductor circuit elements formed in the non-light sensing portion are 
contained and carrying out element separation of the pixels, it is required for one pixel to 
carry out element separation of between each element within 1 pixel. 
[0079] 

The spread of the N-type silicon layer 18 of drawing .4 is equivalent to the sensor opening 
15 ( drawing 2 ). Therefore, the end 50 A by the side of a light-receiving field of P+ 
channel stopper layer 6 formed in contact with the STI element separation structure of a 
photodiode part is in the perimeter part (solid line) of the N-type silicon layer 18. Another 
end 50B is located in the position shown with a dashed line, and the end is carried out 
between the formation areas of the transistor 46 for amplification of a non-light sensing 
portion. 
[0080] 

Drawing 1 (a) is the notional outline sectional view which connected the sectional view 
which cut the circumference circuit part for the CMOS image sensor first, then cut the 
non-light sensing portion (for example, A-B of drawing 4 (b)) of the pixel, then cut the 
light sensing portion (for example, B-C of drawing 4 (b)) of the pixel, and was obtained. 
[0081] 

The outline sectional view showing the state of the process which pours in BF2+ ion into 
a substrate from the inner wall of the crevice of a light sensing portion among the making 
processes of a CMOS image sensor mentioned later, and forms P+ channel stopper layer 
6 was appended to the upper part of d rawing 1 (a). 
[0082] 



Since it faced pouring in BF2+ ion and the semiconductor circuit element part of the 
semiconductor circuit element part of a non-light sensing portion or a circumference 
circuit part is covered with the mask 30 so that it may see in this figure, P+ channel 
stopper layer 6 is formed only under the STI element separation structure of a photodiode 
part, and the end is carried out in the mid-position 50B of STI element separation 
structure with the semiconductor circuit element part of a picture element region non- 
light sensing portion, and it is not extended to the semiconductor circuit element part. 
Therefore, there is no fear of having a bad influence on the transistor 5 1 (transistor 46 
grade for amplification) in a pixel or the transistor 52 of the circumference circuit part 38, 
or other elements. 
[0083] 

Although forming only in a light sensing portion is also possible, as for the P-type deep 
well 8 and P-type plug WERU 10, it is usually desirable to be formed in the whole 
picture element region from a light sensing portion to a non-light sensing portion. This is 
for preventing disclosure of a signal electric charge more effectively. 
[0084] 

Moreover, P-type surface side WERU 1 1 is usually formed simultaneously with P-type 
WERU of the semiconductor circuit element formed in a circumference circuit part and a 
non-light sensing portion, although forming only in a light sensing portion is also 
possible. This is also for forming an image sensor efficiently while preventing disclosure 
of a signal electric charge more effectively. 
[0085] 

The transistors 51 and 52 formed in a circumference circuit part and a non-light sensing 
portion have a desirable thing with LDD (Lightly Doped Drain- source) structure. 
Thereby, a drain electric field is eased and electric strength nature improves. 
[0086] 

The form 2 of operation: Production of a CMOS image sensor (1) 

Drawing 5 - 7 are the outline sectional views showing the process which produces the 

CMOS image sensor (1) shown with the form 1 of operation with the production method 

of the photo-electric-conversion equipment by the form of desirable operation of this 

invention in order of a process. 

[0087] 

Process 1 

First, after laminating and forming the silicon oxide film 2 and the nitriding silicone film 
3 on the surface of the N-type semiconductor board 1 by the CVD (Chemical Vapor 
Deposition) method etc. like drawing 5 (a), These films 2 and 3 are patterned after the 
form corresponding to the pattern of the crevice 4 of the STI structure 7b. 



Process 2 

Next, etching removal of the silicon is carried out by diy etching (reactant ion etching) 
etc. like drawing 5 (b) by using the silicon oxide film 2 and the nitriding silicone film 3 
as a mask, and a crevice 4 is formed. 
[0089] 
Process 3 

Next, like drawing 5 (c), thermal oxidation of the inner wall of a crevice 4 is carried out, 
and the thin silicon oxide film 5 is formed in crevice 4 inner wall. 



[0090] 
Process 4 

Next, [ covering a circumference circuit part and a non-light sensing portion with a mask 
30 like drawing 5 (d), before a crevice 4 is fill uped with oxidization silicon ] The ion 
implantation of the BF2+ ion is carried out from the inner wall of a crevice 4 with the 
angle which inclined 30 degrees from the substrate perpendicular direction by 
acceleration voltage lOOkeV and 2xl013/of injection-rates (surface density) cm2, and P+ 
type channel stopper layer 6 is formed. 
[0091] 

At this time, as drawin g 1 (a) also explained, P+ type channel stopper layer 6 does not 

have a bad influence on the semiconductor circuit element which is formed only in a light 

sensing portion and formed in the circumference circuit part 38 and a non-light sensing 

portion. 

[0092] 

Process 5 

Next, like drawing 6 (e), oxidization silicon 7a is made to deposit by the CVD (Chemical 
Vapor Deposition) method etc., and oxidization silicon 7a is embedded in the trench slot 
4. 

[0093] 
Process 6 

Next, like drawing 6 ( f), the surface is ground by the CMP (Chemical Mechanical 
Polishing) method etc., excessive oxidization silicon, the nitriding silicone film 3, and the 
silicon oxide film 2 are removed one by one, and the STI element separation structure 7b 
is completed. 
[0094] 
Process 7 

Next, [ covering the circumference circuit part 38 with a mask 21 ] like drawing 6 (g) The 
thermal diffusion and annealing treatment by heating are continuously carried out the ion 
implantation of the B+ ion and performed to the picture element region 37 whole 
including the light-receiving field 14 by acceleration voltage 2MeV and 5x101 1/of 
injection-rates (surface density) cm2, and the P-type deep well 8 is formed in the position 
where a substrate is deep. 
[0095] 
Process 8 

Next, [ covering a part of the circumference circuit part 38 and light-receiving field 14 
and STI element separation structure 7b with a mask 9 ] like drawing 6 (h) Under the STI 
structure 7b, the ion implantation of the B+ ion is carried out by acceleration voltage 
1.5MeV and injection-rate (surface density) 8x101 l-/cm2 and acceleration voltage 
l.OMeV, and 3xl012/of surface density cm2, the thermal diffusion and annealing 
treatment by heating are performed continuously, and P-type plug WERU 10 is formed. 
[0096] 

Although forming only in a light sensing portion is also possible, as for the P-type deep 
well 8 and P-type plug WERU 10, it is usually desirable to be formed in the picture 
element region 37 whole from a light sensing portion to a non-light sensing portion. This 
is for preventing disclosure of a signal electric charge more effectively. 
[0097] 



Process 9 

Next, [ covering a part of light-receiving field 14 and STI element separation structure 7b 
with a mask 32 ] like drawing 7 (i) Acceleration voltage 600keV and injection-rate 
(surface density) 3xl012-/cm2; Acceleration voltage 380keV, The ion implantation of the 
B+ ion is carried out by surface density 3xl012-/cm2; and acceleration voltage 190keV, 
and 6xl012/of injection-rates (surface density) cm2, the thermal diffusion and annealing 
treatment by heating are performed continuously, and P-type surface side WERU 1 1 is 
formed. 
[0098] 

It means that the N-type silicon layer of the light-receiving field 14 had been divided by 
P-type surface side WERU 1 1 from other N-type silicon fields. P-type surface side 
WERU 1 1 is usually formed simultaneously with P-type WERU of the semiconductor 
circuit element formed in the circumference circuit part 38 and a non-light sensing 
portion, although forming only in a light sensing portion is also possible. This is also for 
forming an image sensor efficiently while preventing disclosure of a signal electric 
charge more effectively. 
[0099] 

Moreover, P which the N-type silicon layer formed P-model and was surrounded by P- 
type WERU by the thermal diffusion at the time of WERU formation - The silicon layer 
12 which carried out type is formed. 
[0100] 
Process 10 

Next, like drawing 7 (j), carrying out the mask of the portions other than sensor opening 
15, heating annealing treatment is continuously carried out the ion implantation of the 
As+ ion and performed to the sensor opening 15 by acceleration voltage 300keV and 
2xl012/of injection-rates (surface density) cm2, and the N-type silicon layer 18 is 
formed. Now, PN junction (photodiode) is formed in the interface of the P-type silicon 
layer 12 and the N-type silicon layer 18. Therefore, as shown in drawing 2 (b), the field 
surrounded in P+ type channel stopper layer 6 on the top view serves as the sensor 
opening 15. 
[0101] 
Process 11 

Next, like drawing 4 (k), carrying out the mask of the portions other than light sensing 
portion 14, the ion implantation of the BF2+ ion is carried out by acceleration voltage 
50keV and lxl013/of surface density cm2, heating annealing treatment is performed 
continuously, and P+ type silicon layer 19 is formed. 
[0102] 
Process 12 

After forming an oxide film in the substrate surface of the field of a request of a 
circumference circuit part and a non-light sensing portion by thermal oxidation, 
semiconductor circuit elements, such as the non-light sensing portion transistor 51 and 
the circumference circuit part transistor 52, are formed in the last by a well-known 
method. 
[0103] 

The form 3 of operation: A CMOS image sensor (2) and its production 

Drawing 8 (a) is the notional outline sectional view of the CMOS image sensor (2) which 



is the modification of the form 1 of operation. It was added as a making process 4a, BF2+ 
ion was poured in into the substrate from the crevice inner wall of the circumference 
circuit part 38 and the non-light sensing portion, and the outline sectional view showing 
the state of the process which forms P+ channel stopper layer 6a was appended to the 
upper part of the figure. 
[0104] 

It is a process 4 ([ covering the circumference circuit part 38 and a non-light sensing 
portion with a mask 30 ]) about the making process shown in the form 2 of operation in 
this modification. The ion implantation of the BF2+ ion is carried out from the inner wall 
of a crevice 4 with the angle which inclined 30 degrees from the substrate perpendicular 
direction by acceleration voltage lOOkeV and 2xl013/of injection-rates (surface density) 
cm2. It changes so that it may carry out by adding the following process 4a after the 
process which forms P+ type channel stopper layer 6 only in a light sensing portion. 
[0105] 
Process 4a 

As shown in the drawing 8 (a) attached chart, with the angle which inclined 30 degrees 
from a substrate perpendicular direction, covering a light sensing portion with Mask 30a 
Acceleration voltage lOOkeV, The ion implantation of the BF2+ ion is carried out from 
the inner wall of a crevice 4 by lxl013/of injection-rates (surface density) cm2, and P+ 
type channel stopper layer 6a is formed in the circumference circuit part 38 and a non- 
light sensing portion. 
[0106] 

Thereby, P+ type channel stopper layer 6a of concentration smaller than P+ type channel 
stopper layer 6 of a light sensing portion is formed in the circumference circuit part 38 
and a non-light sensing portion. This concentration can be made into the optimal 
concentration which does not have a bad influence on the semiconductor circuit element 
formed in this field. 
[0107] 

If it removes that P+ type channel stopper layer 6a is added, since there will not be the 
form 1 of operation and a changing place, it cannot be overemphasized that the effect 
mentioned above with the form 1 of operation is acquired also in the form 3 of operation. 
[0108] 

The form 4 of operation: A CMOS image sensor (3) and its production 

Drawing 8 (b) is the notional outline sectional view of the CMOS image sensor (3) which 

is the modification of the form 1 of operation of this. It was added as a making process 

4b, BF2+ ion was poured in into the substrate from the crevice inner wall of the non-light 

sensing portion, and the outline sectional view showing the state of the process which 

forms P+ channel stopper layer 6b was appended to the upper part of the figure. 

[0109] 

It is a process 4 ([ covering the circumference circuit part 38 and a light sensing portion 
with a mask 30 ]) about the making process shown in the form 2 of operation in this 
modification. The ion implantation of the BF2+ ion is carried out from the inner wall of a 
crevice 4 with the angle which inclined 30 degrees from the substrate perpendicular 
direction by acceleration voltage lOOkeV and 2xl013/of injection-rates (surface density) 
cm2. It changes so that it may carry out by adding the following process 4b after the 
process which forms P+ type channel stopper layer 6 only in a light sensing portion. 



[0110] 
Process 4b 

[ covering the circumference circuit part 38 and a light sensing portion with Mask 30b ] 
as shown in the drawing 8 (b) attached chart The ion implantation of the BF2+ ion is 
carried out from the inner wall of a crevice 4 with the angle which inclined 30 degrees 
from the substrate perpendicular direction by acceleration voltage lOOkeV and lxl013/of 
injection-rates (surface density) cm2, and P+ type channel stopper layer 6b is formed in a 
non-light sensing portion. 
[0111] 

Thereby, P+ type channel stopper layer 6b of concentration smaller than P+ type channel 
stopper layer 6 of a light sensing portion is formed only in a non-light sensing portion. 
This concentration can be made into the optimal concentration which does not have a bad 
influence on the semiconductor circuit element formed in this field. 
[0112] 

Usually, since the element separation structure of a non-light sensing portion touches P- 
type WERU, the effect of being easy to happen and forming P+ type channel stopper 
layer 6b in a non-light sensing portion has a high disclosure of an electric charge. 
Moreover, it is effective in the ability to adjust the threshold voltage VTH and the current 
characteristic ID of a transistor to a desirable value by ion implantation. 
[0113] 

If it removes that P+ type channel stopper layer 6b is added, since there will not be the 
form 1 of operation and a changing place, it cannot be overemphasized that the effect 
mentioned above with the form 1 of operation is acquired also in the form 4 of operation. 
[0114] 

As mentioned above, although this invention was explained based on the form of 
operation, it cannot be overemphasized that it can change suitably in the range which this 
invention is not limited to these examples at all, and does not deviate from the main point 
of invention. 
[0115] 

For example, you may perform the ion implantation of above-mentioned WERU 
formation before formation of the element separation structure by STL Moreover, you 
may make reverse conducted type of each above-mentioned semiconductor field of 
current. Moreover, you may perform element separation of the circumference circuit part 
38 by methods other than STI structure. 
[0116] 

[Function and Effect of the Invention] 

Since according to this invention a 2nd electric conduction type channel stopper layer can 
be formed in a border area by impurities doping from a crevice after formation of a 
crevice even if the large border area of distortion is formed in the circumference of 
element separation structure, A channel stopper layer can be made thin, the sensor 
numerical aperture which is the area ratio of the sensor opening occupied in a unit pixel 
can be made to be able to increase as compared with LOCOS structure, and the 
sensitivity of a photodiode can be raised. 
[0117] 

Moreover, especially, since the STI structure can narrow the width of the insulation 
material for element separation considerably compared with LOCOS structure etc., it can 



also reduce the area of the element separation structure itself. 
[0118] 

As mentioned above, the sensor numerical aperture which is the area ratio of the sensor 
opening occupied in a unit pixel can be made to be able to increase, and the sensitivity of 
a photodiode can be raised. 
[0119] 

Moreover, since the end of the channel stopper layer is carried out in the position which 
is the circumference of a light-receiving field and it is between semiconductor circuit 
elements, formation of a channel stopper layer does not have a bad influence on a 
semiconductor circuit element. 
[Brief Description of the Drawings] 

[ Drawing 11 It is the outline sectional view of the CMOS image sensor which is the form 
of desirable operation of this invention and a prior invention. 

[Drawing 21 It is the outline sectional view (a) and outline top view (b) of a photodiode 
part of a CMOS image sensor which are the form of desirable operation of a prior 
invention and this invention. 

[ Drawing 31 It is the block diagram of the CMOS image sensor based on the form of 
operation of this invention. 

[Drawing 4] It is the top view showing arrangement of a **** picture element region. 
[Drawing 5} It is the outline sectional view showing the making process of a **** CMOS 
image sensor. 

[Drawing 61 It is the outline sectional view showing the making process of a **** CMOS 
image sensor. 

[Drawing 7] It is the outline sectional view showing the making process of a **** CMOS 
image sensor. 

[Drawing 81 It is the outline sectional view of the CMOS image sensor which is the form 
of other desirable operations of ********. 

[Drawing 9 j It is the conventional outline sectional view (a) and conventional outline top 
view (b) of a photodiode part of an image sensor. 
[Explanations of letters or numerals] 

1 [ - Crevice, ] — An N-type semiconductor board, 2 — A silicon oxide film, 3 - A 
nitriding silicone film, 4 

5 - A silicon oxide film, 6 — P+ type channel stopper layer, 7a - Oxidization silicon, 
7b — Element separation structure (STI structure), 8 — A P-type deep well, 9 - Mask, 
10 -- P-type plug WERU, 1 1 - P-type surface side WERU, 

The silicon layer, 13 which were formed into the 12 -P-model - A mask, 14 - Light- 
receiving field, 

15 — A sensor opening, 18 - An N-type silicon layer, 19 — P+ type silicon layer, 
20, 21, 30, 30a, 30b - A mask, 31 - Pixel, 

32 - A perpendicular direction scanner, 33 - Transistor for read-out, 

34 - A horizontal scanner, 35 - A current voltage conversion circuit, 36 - Output buffer 

circuit, 

37 [ - Transmission gate, ] - A picture element region, 38 — A circumference circuit 

part, 41 - Contact, 42 

43 - An N-type buffer layer, 44 - Contact, 

45 - The gate of the transistor for amplification, 46 — Transistor for amplification, 



47 -- Contact, 48 -- A reset gate, 49 -- Contact, 

The light-receiving field side edge part of a 50 A— P+ type channel stopper layer, 
Another end of a 50 B--P+ type channel stopper layer, 

51 — A non-light sensing portion transistor, 52 — Circumference circuit part transistor, 
101 - An N-type semiconductor board, 102 - Silicon oxide film 
107 - Element separation structure (LOCOS structure), 108 - P-type deep well, 
1 10 - P-type plug WERU, 1 1 1 - P-type surface side WERU, 

The silicon layer, 114 which were formed into the 112 — P-model — A light-receiving 
field, 115 — Sensor opening, 

1 16 - The projection portion of P-type surface side WERU, 1 18 - N-type silicon layer, 
1 19 - P+ type silicon layer, 120 — Large border area of distortion 



[Translation done.] 
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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a photoelectric converter having an 
element isolating structure for isolating photodiodes from each other which hardly 
causes the deterioration of the sensitivity of a photodiode and does not have an 
adverse influence on peripheral semiconductor elements, and to provide its 
manufacturing method. 

SOLUTION: The element isolating structure for isolating the photodiodes from each 
other, such as an STI structure 7b, is formed by a method not using the thermal 
oxidation of a substrate, and a second conductive type channel stopper layer 6 is 
formed so as to have contact with and surround the element isolating structure 7b 
in the first conductive type semiconductor substrate 1 . Then, a first conductive 
type semiconductor layer 18 is formed as a signal charge storage region of the 
photodiode, and the layer 18 is surrounded by second conductive type wells 8, 10 
and 11 so as to be isorated from other regions of the substrate 1 . The channel 
stopper layer 6 is terminated at a specified position around a light receiving region 
between the receiving region and a semiconductor circuit element 41. 
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35 © ^ -v * ;U X h >v ^ IS «t *) AS m A ic * * % )V X h y /<» AX « fiSc « ft X ^ 5 © W X ^ . 
[ 0 0 5 1 ] 

tt&*m#®&X¥®<0** b v /*mzm%i7 * b #4 * - \:&<D<f-* b v 

[ 0 0 5 2 ] 

*«WK33VTtt, tu IE [HI gp * ffij fiX & , tu IS H gB fc lu IE & B St © « * ii * Z ft o su tc „ 7 
*b^^^-FSPtfulE#g^gP©*Wft0SS*^g|3Sa*/X(itufS]Sa@SSgl5©**ft 

[ 0 0 5 3 ] 

f}ffiiR?«-B«ii*}gjSt--6K:BSLT«, ffl IS EI gp fc M tl BR ft S K. =fc o T * ? » it 
[ 0 0 5 4 ] 

ft 12 3§ 1 , S2Slf$3©^i;^^^>fEACJ;7TiSt50tf -Y * V a A £ 

. C © fc tf> . 0d A & & ft a T? tt * 51 fig 4 , b5 IS ¥ « ft * ft © U gP fc 7 x ;l/ £ fig T 5 C 
ttfT?f 5, 

[ 0 0 5 5 ] 50 
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♦ssks^^t. a * a a s ■ * si a 1- « © # <t ^ . 

[ 0 0 5 6 ] 
[ 0 0 5 7 ] 

•£M<DBM l : CMOS-r^-->'-tr>"» (!) 

0 2 »± , *5SWO»SL^HffiO}BJST?*«CMOS (Comp l erne n t a ry M 
etal Oxide Semiconductor)^^ — ^-trV^O^^h^'T^- — 

Kfisouewasia (a) tmrnw-mm (to -p**. asoatffifca, 7*h*-r*-K 

(Shallow Trench I s o I a t i o n) iSOJSf JrBil 7 b tf)g)S 10 
[ 0 0 5 8 ] 

dDmX'it. ifiiLTNS'/UayiSiijiffli^h, S K ± SB © n 9 •> u a y B l 8 

t * <D T © P " S(tLft->U3>l l 2 fctffOSIf PN8^lci57* h # J * - 
[ 0 0 5 9 ] 

1 4©-fe:/tflln«l 5 fcA« L 7c ft « . PNjg^gMcilfS^CT'jEfLi:!! 

? tc g g> £ n , Aiftfcoftfifccsu/ui^sns tfNSfj^yn 8. m k it n 

SltfP"IftLfci/Un>il 2 4*5, iSiOP + S->'j3yii 9 

tigfi()^CtM£Dlffi5:ffilhf «fe<DT*65„ 20 
[ 0 0 6 0 ] 

P + Sf t^;Uh7^|6, JR ? # li * ifi 7 bOTSPlcJBfiSc^nfcPiygffilliJ^x;!/! 
l, a«oifi/- i {it[l(c}i5fig^tifcPS-f f i'-7 p, i'x;V8, RtfPHSSBflU^x^i l P 

OgSftiftPSr^y^i/H oi:ioT, M iE M & I* !> H * n t ^ 5 . en 

n, i^titfisit5ftfii\ 

[ 0 0 6 1 ] 

PS*ffilRJ^x;lM lSlfPS^7?fi)H OtP'HtLftil 2tOSJHJ, ST 30 
I^SITiH- SJES8Hfr5*T0. 2 /tmtILft(4i(;®5E^^5o Ctlli 

[ 0 0 6 2 ] 

± IS © 7 * h^-f*-KO«Jfitt, ftHf£0£fcgcK7* b^-T*-Ki:PI-Tf*5fr5 
[ 0 0 6 3 ] 

H5, st iif»iii7btgitp + if-t*^xF7/^6tfi?sEsnri^fc 

46, 09 (b) K*£nS§ftfi$l 1 AlClifrttiLfcP mm 1 16tf^|CSt>T^8 

[ 0 0 6 4 ] 40 

ST I Si ^ # H$§ it 7 blU'^Tfe, £#©**^*#S«*<fflHf<:JBJSSn3tf, ST 

^Xh»^<l64ig«TS«ftft, LOCOS«iiKJ3«-*PI!«l 1 6 fC J± ^ T , P + 
I^t^;l/7h7^l6*S< tSLttfT't, fOlJHO. 1 ft m W T . iAS3 0 
n m B if t' $ 5 . 
[ 0 0 6 5 ] 

7 * h^-f*-K O8«3V|«0±f4. 
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S ft, S T I mm. 7 b tt, ft »©«*fffc<DH*LOCOS«iil 0 7 « i: tt 

[ 0 0 6 7 ] 

7 * hjf^*-HOSfi*iSil4*5i: t T' f S t 
[ 0 0 6 8 ] 

*fc, «^^^Htig7bO*JSilT(c»L. gftflM 1 40W*ffi«fcSTj£tft>ftp- 

2?ny;*iit4atfi?t5. io 

[ 0 0 6 9 ] 

0 3 tt , ± BE © 7 * F ^ -f * - F * S « ± fc 2^Svh U 7 nttEILfcC MO S-T 
p{-i/*-tr>^<DWfi)t*^-r«ltSS^^0r-fe5 o CiDgifB, l*iS73[RjX* + :F3 2i:7j<: 
¥ 7? [6] X * -V 3 4 £ <fc -3 T ft t » A' * ft € ft S « £ n , f C3c^lC6§ii 3 1 © 7 * 

[ 0 0 7 0 ] 

BP 5 , SB7JfR]X* + f-3 2A^Offlaffia^TiBSff<0l*fflLfflh7>i ? ^^ 3 
3tfIjfi*ftT0ND;i.tft^ ^p#!C7J<¥?j[r]X=F + -7-3 4fcJ:or#5iJfc:IB*Wbia 

ABPfcSSfrtU *«K*ESSIElBi35atfai*^'y7?'@B36t«J:r>T«EtS«?n 20 

[ 0 0 7 1 ] 

£B7Jia** + *3 201»«B<OIWfc:-t'<T©iBJR3 lffJI#l|Hiroj£aEStt> 

© m tc & n #i 3 i © 7 * h #j * - v icwmznr ^rcm^mffiici&Krctiititfmfriii-£ 

ft So CHT, ::£7£vFUv**ttfce«*ftfc7*h*^*-F*te*oT3fc«£8i 
[ 0 0 7 2 ] 

g3fl§ii3 i f± ss± o si a saa 3 7 fc jg fig ? ft , ^jS^rS]x^-v^-3 2, is^mL 

fflh^>i/*X^3 3 , 7K¥7a[p]X* + ^3 4, «jft*Eg$![IlS§3 5, 7 7@iS 30 

3 6^<D^a(siss«ia^fia3 7fc«aurciiiaiHi8sa53 8 tjBjssn*. 

[ 0 0 7 3 ] 

H4B, Iil^3 7tfiy5Ei*^1"¥ffiit'fe5„ 04 (a) It * £ S © ■ * 3 l 

tf2a7Evh';7*^«!i:EijnTt>s*ffi*^ti#BT?»5, 04 (b) a, 10 

OiB3(53lrtT<OEIH*S-r¥ffiH^*«o 84Ttt, PS5/'jn>SO±SBfc}BfiS«ft 
tNHIilS, 4 3f iy-H 4 2 , 45, 4 8 t3V?n4 l, 44, 47, 
49iO**SL. ±HE»tt0^*ar*UT^5. y - F S tt £ IS & > U n > t? JB Jg S 
ft, ^©TSPtt P SMT-feSc 
[ 0 0 7 4 ] 

14 ( b ) tSLftNSJ"J3y|l 8 tt , H2TittWLfcJ:3t£:. * © T ffi © P ~ §J Ik 40 
LftfUnvil 2tO}|liBTPNi$lLj:«7*hirY*-K*»)8L, 7^f$Ji<DfLm. 

izfccfcmmiffi ^iisti, ^©fi^m^ c«^) tt, i mjhoh^ N§ygi 

[ 0 0 7 5 ] 

03©7K¥7J[R]X+ + ^3 4*6©R#lBL4149tt» I4C3>^ F 4 1 £ 31 U T K & 
?-h 4 2 in A 6 ft 3 . S!*WL41^0ffffl-p|Ea5y-F 4 2TOft*JHtflI« 

) tt, H»rt©^S7 1 £0McBfi5c?ftT^i ) NSy/W77li4 3^$EiM?n, {f^UffilHc 
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c © i^iE tt , 3>^^h4 4^ii;ttiiih7>>''x?oy-h'i 5 k hi in £ n . 
tiiUffl h^>i/'x^ 4 6*Sina«ijK©Sfbi: LTii?ttUjn5o ti 4>g m Yz> y a 

6 © tb 7J W flit tt , ^©^^rtSLfflh^V^X^SStCgfrft, m&LfzH ? icWR.icg. 
[ 0 0 7 7 ] 

SE*UlLA^»7"rSi:» n > 2 h 4 7 £ il U T U -tr -y h fl * # U -b -y h y - h 4 8tc07 
in* ft, N ffi/W 7 r « 4 3{cttB£tiT^fcM^*ffit±3V** H 4 9*I^tSi? 
ft , 7 * r- ■< * - F tt Vi m tt K U "fe -V h 2 ft § „ 
[ 0 0 7 8 ] 

±fE©<fc9fc, 1 OOBJRttt, S*»fc»ja«tlfc7* h^>T*- Kfc^S^aJK^fig 10 
Sftfc«4©¥*f*lsl»3g7-fc!b<S3:ft-t^T\ H^|5l±^^7^gl1-i»tfct{c. l B 

[ 0 0 7 9 ] 

B40Nli'U3Vll 80£tf!]tft>*iOSl 5fcffiSt5 (82) 0 l^t> 7 
* h^*-F35©S T I mj-fimm&fc&LTBl&lE ft 5 P + f+i;l/Xh7^i6?) 
, §3fcflS««!l©4Sa550AW:, NSv";n>I 1 8 ©ft II 35 (It Si) £ i>„ &?-/?© 
*Sgr3 5 0 B tt. 5fe^T^1-fiL@{CfeoT. *S)ta50iiBfflh5>5;x^4 60©fiR«« 

[ 0 0 8 0 ] 

01 (a) tt, CMOS^^-ytVf*, £tfJSSaie]l&SS*l2J« * £ jfi © # § % 20 

(«*tf, 04 (b) ©A-B) ^SSL, &fcH*©£#SP ( tt\ 04 (b) © 
B-C)*««LTf§Sftfctfffiia*ofc^£fetffc«^W&ttl6WffiB-e&.5„ 
[ 0 0 8 1 ] 

01 (a) ©±ginctt, ajfi-r* cmo s-r ^-^-b>^©ffai8©3 -6, gytfflvm 

[ 0 0 8 2 ] 

|W|0fc:Jt6ft3±5(c, BF 2 V^V^ftAtSKBLT, ^SWtta^VttMJR? 
a5*H2I08W© i l i «iftlS»Jl5?»*''?**3 OTBot^ P + * + * ;l/ X h y 

6 tt, 7*r~^*-Fi$©ST IiR?»IB«®"FteO*JBdc*ft, H*««^S3te 30 

gp©^»tt[HiE§»7gi5i:<5Ds t i m?ftmm&<D!pm<iLm 5 0 B^giu ^o^wftia 
»*?»s-pttffffTii''ft^. ft^ t, ■*flh7>y^?5 1 (mm® h 9 y*J7, * 4 

6 tS) XttHH[5]ggS|53 80F7^;7*5 2 ^ * © ffi © fg ? IC K ^ W £ &. f£ "T & IE tt * 
[ 0 0 8 3 ] 

Pif^-7*')iA8R!iPS7'7^i/H 0 tt , %ft®lC<D3j.&&-t Z C t kSimT 
il'&tt, S3tSP*5^S3tSI5STiBlfi13i«±#f::»l«5ft«0^as L^o Cft 

[ 0 0 8 4 ] 

s ft , p mmmm^y x )i \ 1 « , §«K©*jr?j£T&ct&nT^T*;&3^ sb ?sr u > n 40 

20£§g|3Ra*^S^^(cjg5g?ft«*^i*lH]«S*7-OP§y7x;Vh[5lif#fc}g^$ft« o £ 
ft tt , l^t^oiil^itJiStttKittstKi;, a*Wt-f^-s;-b>-9-*fl5* 

[ 0 0 8 5 ] 

Jia0Sggp&C/#§7 l figMcff5fi!t?ft§h7>'^X^5 1, 52 tt, LDD (Lightl 
y Doped Drain-source) II?tOt,J)#lJ U\ iltlfcJ; !), 

Fw>is* ( iasn, is*Ett#Gi±-rs. 

[ 0 0 8 6 ] 

HffiO)gffi2 : CMQS^^-^ty» (1) © fE « 

0 5-7 tt , *Rra©»SL^*tt©»iSfc±5tt«£»aH©Sjfi;&fcfc:±oT, HfiS 50 
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OlUlT'iLftCMOS^^-Vty^ (1) *^ffl|-r4XS«rlSIHfc:^f«tB8Wrili 

[ 0 0 8 7 ] 

II 1 

St", 15 (a) <Oi5l:, CVD (Chemical Vapor Deposit! 

0 n) mmic £ v wm^mwrnm i <Dmw±.icmitis v zi>m2 jkumitis v =i>m3 z 

aSLTJBJKLfcja, S T I mm 7 b0eaaM0><*->fc»(SLfc»*»i:Ctl&©M2 
[ 0 0 8 8 ] 

1 g 2 10 
*IC, 05 (b) OiiC, 8fci"J3yIZSlfifki"j3>l3*77^J:UT, K 

[ 0 0 8 9 ] 

IS 3 

at, 05 (c) <d£?ic, caw 4 orta«»»ft lt, caap 4 rtMtss^isfbj/ 3 > 
n 5 <r 3o 

[ 0 0 9 0 ] 

114 

* t , eg 4 * & fk s/ U n > ? a « « hu , 0 5 ( d ) o.):3lufl21iaftffi&tf#3ftffi 20 
^?x)3 0fi^y'5, s«fiB^(Riib^3oa«^fcfta*t>t)Tinia«Ei oo 

keV, aAi (BBfeA) 2x l o 1 3 /cm 2 T* B F 2 + -Y*>*H*40rtS*»6-l' 
[ 0 0 9 1 ] 

COfct, 01 (a) T'fc IK W L fc «fc 5 , P + S^-^^;l'Xh-y/^Jl6«§7 , f;S|5CiD^ 

«i?n, jg a @ ss $ 3 sRV&9ftBK.m&2tiz¥WK®&m : ?tcmKW*:$*.z c 

[ 0 0 9 2 ] 

II 5 

^!IC, 06 (e) Oi^lC, CVD (Cherai ca I Vapor Deposit! 30 

on) j*«fcJ:»)»fb^'J3>7a*lt***, h U>f 14 t»fc^ij ay 7 a ti» 

[ 0 0 9 3 ] 

116 

^tC, 06 ( F ) CD <£ 5 fC , CMP (Chemical Mechanical Pol 

i sh i n 8 ) mmic x n si^mlt . &#&&ft-> u 3 sfbs' u 3 >« 3 , m 
it -> v =1 y m 2 z rnxmn l x , st 1 sR?#*i»ia 7 b^^sti. 

[ 0 0 9 4 ] 

18 7 

* fC , 06 (g) CD £ ? (C , Jlj2[HlS§gP38^TX^2 lT'l^fttfB^ SftiSigU 4 £ 40 
£&BfRfc83 7£flcfc:, tajf«E2MeV, SAB (ffiSBS) 5x l o 1 1 / cm 2 T* 

[ 0 0 9 5 ] 

118 

06 (h) (O i 5 K, Si20^ai38Slf§)tg«l 4tSTIif5}iiil7b 
O — gP*v^^9-pHfS!b«6, ST I«l7bfflT»K. UlltE 1 . 5MeV, SA 
ft (ffiffiS) 8 X 1 0 1 '/cm 2 , Rtf lma*E 1 . 0 M e V . ffi ft ffl 3 X 1 0 1 2 / 
cm 2 T'B + ^^>^i'^->aAL, «E^TllP«UcJ:*Jftlt»i:7--n/»a*flV^ P 
S/7^5iAl O^MtS. 50 
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[ 0 0 9 6 ] 

[ 0 0 9 7 ] 

IS 9 

*K, 07 (i) O J: 5 fc, §ftfI«14fcSTIiil7#8t$i£7bCD-a$£VX^32 
T'ffil^&tf lilE 6 0 0 keV, & A ffi ( ffi ffi £ ) 3X1 0 1 2 / c m 2 : iP & 
E 3 8 0 keV, ISI3X10 1 2 / c m 2 ; SO'll02tE 1 9 0 k e V, ttAi (ffi 
ffiS) 6X 1 0 1 2 / cm 2 T'BMty^^yttAL^ lre^TiinJ»fcJ;5«lffiftfc7 
--;l/5aa^fTt/>, P SStffifRiJ ^ x ;U 1 
[ 0 0 9 8 ] 

PSSffifll^x/l/l ItioTSftill 4 O N 1 ■> U 3 VftfflC N i i"J 3 

^wsnfcctfc&s, p m m m m x ;u 1 it*, sjtspto^jgia-rsctfeniffiT? 

fflf&tt. Hjfl0HSSIS3 8&tf^S3te»KJBl«?n5¥»(*lilKil5?0 PSi^i;!/ 
[ 0 0 9 9 ] 

$ It , fxA/fg»£Bf«aaiS»K«fc»K NSv"J 3 P " Sft L« PS9x;Kciin 

fc P " S L tc -> D n > m 1 2tfffM?ti5„ 
[0 1 0 0] 
IS 1 0 

3fc fc , 07 (j) -b > -9- SJ □ » I 5WWO«»*vx*tS:tf6, -t: > if" flfl □ 

g[5l 5lCjDatE 3 0 0 k e V, ffiAffi (If'S) 2X10 1 2 /cm 2 "TAs + -r*> 
Sri' SAL. aEi->Tip»7--;l/iB ! a*ff NS->'Ja>l l 8*fci$.t%o c ti 
T . P 52 -> 'J 3 > Jf l 2kNSi/'Jnygl 8tO}fItPNjS& C7*h$r>f*-K) 

» J?£ £ *i £> „ «^t, 02 (b) fc ^ L fc <fc ? fc , fIB±tfP + if 
l6TIJlftftS«tf, -b > it BB P SI? 1 5t55„ 
[0101] 
IS 1 1 

& K , 04 (k) © «fc 3 , § ft 33 1 4tttt©a$#£vX*L*tf&, 4DHE50ke 
V, IgfiUl 0 1 3 /cm ! TBF 2 N^^^^^^ttAU ^ V" 1 T iP ^ 7 — — ;1/ 
«LS*fr^, P + S > U 3 >/| 1 9 £Mf So 
[0102] 
IS 1 2 

sat, «3aiiB»&t5^g«ffifomao««os«aiiStjift»fi:tc«toTtt{bii*}Bfiit 

Lfc&, #§ftffl5b7>J?**5 l^Jf32|5|ifSgPh7y^X^52^^(D#^ft|HlSS^? 
£ & a © £ ft T» fg A t 3 c 
[0 1 0 3] 

g| Mj <D J% fig 3 : CMOW^--^y» (2) * O fl? Si 

08 (a) a , mm<oj&& 1 <d&®mt*io* cmo s -r ^-i/'-ty^ (2) © he £ « * «e 

B& $t ffi 0 T* £ 3 0 0 © ± 815 1 (i , f^iiIS4a^LTJIin^tl. JBHIIIKffl53 8Rtf#S 
[0104] 

c ©SEJgffSTti, **o»l2lcSLftftl!lt4. 114 ( M m ® S§ 3 8Slf#§)t 

gp^vx^3 0-PMv^^e>, SKSS£fii*»&3o*H^;fcftiE*fc:3Tina*flEi 0 

OkeV, SAi ( ffi & £ ) 2X1 0 1 3 /cm 2 TBF 2 + ^;fy£|H]gM(Ort@I:fr?> 
tyft ALT- SJtSfc ©^ P + If * h -y /<■ 6 ZB&t 5 IS) <D ^ fc , & 

© I S 4 a*BinLTfT3«fc'3teM , r*» 
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[0105] 

IS 4 a 

08 (a) ft 0 <0 «fc O fC . §7t§15?:VX^30aT'5S^^^6, llll^<)^30fi 
«^ftft*tt.r>TlnaiEl 0 0 k e V, ii A * ( ffi ffi fi ) 1 x l 0 1 3 / c m 2 T B 
¥ 2 + ^*y%iaai4 0rtgfr6-f*>iiALT. 32 In] SSSP 3 8RUftgftffi\CP + m 

[0106] 

CtttitK HaHieSB 3.8 Rtf^S3ttafctt. §)tft5<D P + Sf- * h '7 /<Ji 6 «fc 

[0107] 

»4 4 ^ b , mm & mm i v m as l ft a * # ^ ss © j& at 3 1 *> ^ t t, ?# e n 5 © a w ? £ 

T* <E> ft ^ 0 
[0108] 

mM<vmm4 ■. cMos^-^t^ o) £ ^ © re a 

18 (b) tt, cntJloiiiwilits^CMOS^^-yty* (3) of^ 

Wft«BSKfffi0T-^i.o HO±»fcl4, ttMXm 4 b t LT&hUtEft, # § ft gfl © H ft 
S*»6»SfKB F 2 + ^y^aALT, P + ft?-*XF7^16 bJIStSIg 
<Dtttt£^-r«B&»rffi0£ttie L ft, 20 
[0109] 

coj»«ttt, mmvBm 2 iftffsn*, ig4 (jsangBwa 8 

*?Xj3 0tlM4i'&, ifiIISl=Ifr5 3 OSi^ftftattoTtaatEl 0 0 
k e V , & A ft ( ffl ffi a ) 2X10 1 3 / cm 2 f B F 2 + >?;C!1S4 Oflifr^ 
* > & A L T , S3tffl»CO*P + Sf- + *A/Xh-y/<Ji6*®j«1-*lS) 0*t, & © 

1S4 t> * iaim l t tr 5 * 3 £ x s * s « 

[ 0 l l 0 ] 

Ii4b 

18 (b) ttWV&vic. @i21@eg|S3 8&tfS***77*3 0 b-PI^S;* 1 ^, S« 
Sit#lR]fr53 0S#H,'>fcftg*fcT3Tiin&*El 00k e V , SAl ( ffi & ) 1 x 1 30 
0 1 Vera 2 TBF 2 N^y^C5S4 0fll*^^tyaALT 1 ^ § ft £P Jc P + S 

[01 1 1 ] 

cnicj;^, ^gftgBK©*, §ftg|$© P + h y ^/f 6 cfc 9 * £ V^SfiO P 

[ 0 l 12] 

ilft. ^S^g|5©*?^gl*ig«PS^x^tjgteLTV^^5»m^<DziffiA^C 9 ^ f 
< , ^SJtSPKP+S^+^^Xhy/^JiebJBtattsa^ttflSVo S ft , * V ft A C 
iorh7y->'x^L?^ilffv T „*«ffil#tti D *&SL^dfi:3ai|5t?*3«&s 40 

[01 13] 
[01 14] 

W ± , * fS HJi £ H fig © ft jg fc m -3 v> T K 91 L ft # > *«!Httcn6©WK:M6l8iESn« 



[01 15] 



50 
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flAtf. ± $ © 7 x HBl£<DJ *y&Ali. STIKJSJR^aMifiOlBjSWMlcfro 
Ttil\ lao^fiftffiSOilSiltLTtJ:^. 3: ft , HO 3 0 SS 3$ 3 8 

[0116] 

[ 56 BJ3 © ft ft ft m ] 

# 38 Mfc J: ft tf . it? »li»3fi©JBHfc:5*0*t^*||i1««tf»jS«ftTt>, HSBOJB 

j£ T* f 5 tb . LOCOStgJtttfcULT. Y * ;I/ X h Z M < "f 5 C t T- # 

, #ffiiSSR*fci&***>*fflPa50ffil6fJ^-pi65-l*>*lllllP$*liiP*-a-, 7*h;? 

[0117] 
[01 18] 
[0119] 

ICTM1 LTi>5 ft46, * *;l/X h >y * W ft 0 Eft * ¥ lc £ £ » * ^ * 5 

c t &m^a 

CHl3*«Watf*iiaiB<0»SL^**O»IB-p**CM0S-f^-S?-fe>*Ol[tt 

[02] ftWI8IBMtfK*«lfl©»$L^i&«©*tt-e**CM0 S^^-ftyif07 

* h 2V*- FgP©«»&»Tffi0 (a) i:MBS¥®0 (b) T- & S „ 

[03] *¥£W<Dmm(0BMfcm-3 < CM0S^^-^tyfOi«B?*4. 
[04] B^^illiCiEg^r^-r^fflH^feSo 

[0 5] EN CMOS^*-->--feytf©fls»Ig*^T«l6»rffi0 , ?** D 

[06] R , CMO S^Z-^-trytOftail^^tiaiSillT'SS. 
[07] CMOS Y^-->--fey^O<^lg^^t(a»§iS0T^§„ 

[08] #?£Bj3R©ffi©#$L^||te©je«:T'&SCMO S-r7t-->"-tey+)-©MBgirffl|II 

T 5 o 

[H9]«*©^*-S>*>tf©7*F*-r*-KS5©«IS»rffiB (a) £ «£ Rg ¥ ffi 0 ( 
b ) T-*5„ 

l-Ni^Sflsifi, Z-HtfVnvl, 3-ift*>'J3yi, 4 ••■ P3 BP . 
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